To investigate which parameters are stimulated by mineral fibers and whether dgarette smoke enhanced a fiber-induced response, we examined the level of cytokine mRNA from alveolar macrophages (AMs) and lungs of rats exposed to mineral fibers and cigarette smoke in vive. Male Wistar rats were given a single iatraeal instillation of 2 mg of Union Internationale Contre le Cancer chrysotile or refractory ceramic fiber (RF1). The animals then inhaled a side stream of smoke 5 days per week for 4 weeks. The expression of manganese superoxide dismutase, inducible nitric oxide synthase (iNOS), basic fibroblast growth factor (bFGF), interleukin-la (IL-la), interleukin-6 (IL-6), and tunor necrosis factor-a (TNFa) mRNA from lipopolysaccharide-stimulated AMs and lungs of rats exposed to mineral fibers andior cigarette smoke were assessed using semiuanitave reverse-transcnptase polymerase chain reaction. Exposure only to cigarette smoke increased in IL-Ica mRNA levels in AMs. Chrysotile stimulated the expression of IL-1ca, TaFo, and IL-6 in AMs, and the expression of bFGF in lungs. RF1 resulted in increased expression of IL-Ia and TNFa in AMs. Cigarette smoke stimulated the gene expression of iNOS in AMs and IL-6 and bEGF in lungs ireated with schysotile; IL-lc in AMs and bFGF in lungs did the same in lungs with RE1. Among these cytokines, message levels of IL-la, iNOS, and bFGF were increased in rats stimulated with mineral fibers, and the stimulating effects of mineral fibers were enhanced by cigarette smoke. Therefore, IL-la, iNOS, and bFGF would be the possible parameters of the lung iemodeling induced by mineral fibers. Key words: alveolar macrophage, bFGF, ceramic fiber, chrysotile, IL-la, IL-6, iNOS, lung, Mn-SOD, TNF. Environ Health Perspee 107: 495-500 (1999). [Online 7 May 1999] lsp://ehpnetl.niehs.nib.gov/docs/ll999/107p495-500morimotoabstractnml
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Occupational and environmental exposure to inhaled asbestos dust causes pulmonary fibrosis, bronchogenic carcinoma, and pleural mesothelioma (1) . Recently, various types of man-made mineral fibers have been developed as substitutes for asbestos; the demand for these products is increasing. Some of these fibers are thought to possess the same adverse biological effects as asbestos because of their similar physiochemical properties (2) . Furthermore, epidemiological and dinical studies have indicated that asbestos workers who smoked cigarettes had a higher incidence of asbestos-induced disease than those who did not (3) (4) .
In asbestos-induced disease, many genes are thought to contribute to lung remodeling, such as fibrosis and carcinoma (5) (6) . Asbestos fibers deposited in the lung lead to an activation of alveolar macrophages (AMs) (5) . AMs and parenchymal cells release tumor necrosis factor-a (TNFa), interleukin-la (IL-la), interleukin-6 (IL-6), basic fibroblast growth factor (bFGF), and other cytokines that augment the process of inflammation (5) (6) . The release of oxidants from these cells may lead to lung injury and manganese superoxide dismutase (Mn-SOD) and inducible nitric oxide synthase (iNOS) corresponding to released free radical formation (6) . Some growth factors signal interstitial fibroblasts to replicate and modulate their production of connective tissue proteins (5) . The accumulation of inflammatory cells and fibroblasts and the development of connective tissue matrices causes lung injury and leads to fibrosis and carcinoma (5) (6) .
A reverse transcriptase-polymerase chain reaction (RT-PCR) used in this study has a number of advantages (7): a) its exquisite sensitivity gives it the ability to detect rare mRNA in small numbers of cells in a semiquantitative manner; b) unlike the protein assay system, the same methodology can be applied to analyze the expression of many genes; and c) cDNA can be used for future studies.
To estimate which parameters are more sensitive and specific for lung remodeling induced by mineral fibers, we used RT-PCR to examine cytokine mRNA levels from AMs and lungs of rats exposed to mineral fibers and/or cigarette smoke in vivo. ,r 6, June 999 * Environmental Health Perspectives RF1-exposed rats as compared to control rats, but not in cigarette smoke-exposed rats ( Figure  3A ). Mineral fibers and cigarette smoke did not have combined effects on message levels of TNFa in AMs. TNFa mRNA in the lung was increased in chrysotile-exposed rats. Similar to chrysotile, RF 1 tended to increase in the gene expression of TNFa mRNA; however, there were no significant differences in the levels of TNFa mRNA when compared to control rats ( Figure 3B ). Chrysotile-only exposure induced increases in IL-6 mRNA levels in AMs ( Figure 4A ). Elevation of IL-6 mRNA was not increased in rat AMs exposed to RF1 and/or cigarette smoke. Exposure to cigarette smoke or mineral fibers did not induce an increase in IL-6 levels in the lung; however, exposure to chrysotile and cigarette smoke had a synergistic effect on the expression of IL-6 mRNA ( Figure 4B ). Expression of iNOS and Mn-SOD mRNVA. In rats exposed to cigarette smoke or mineral fibers, mRNA levels for iNOS in AMs were not increased ( Figure 5A ). On the other hand, mRNA levels for iNOS among AMs from rats treated with mineral fibers and cigarette smoke increased significantly when compared with control rats.
Materials and Methods
Levels of iNOS mRNA declined markedly in cigarette smoke-exposed rat lungs ( Figure  5B ). Exposure to mineral fibers tended to induce an increase in iNOS mRNA; however, differences between mineral fibers and control were not significant.
[Bn No significant changes in levels of Mn-SOD mRNA in AMs and lungs exposed to mineral fibers and/or cigarette smoke was observed ( Figure 6 ).
Expression of bFGF mRNA. The message of bFGF in AMs was not observed in all groups, although the cycle of PCR was up to 40 ( Figure 7A ). Chrysotile induced an increase in bFGF mRNA in the lungs, but cigarette smoke or RF1 did not. The combined effect of mineral fibers and cigarette smoke on the message level of bFGF was significant ( Figure 7B ).
Pathologicalfindings. Foreign body giant cells and mononuclear cells around bronchioles were observed in groups exposed to chrysotile and chrysotile + cigarette smoke (Figure 8 ). In the other four groups, definite pathological changes were not observed.
Discussion
We set the recovery time after the intratracheal instillation of mineral fibers at 4 weeks. Unlike the inhalation findings, some reports showed that nonspecific responses at the acute phase were seen after the intratracheal injection. Some investigators (17, 18) Volume 107, Number 6 June 1999 Environmental Health Perspectives basic fibroblast growth factor; IL-la, interleukin-lac; IL-6, interleukin-6; M, DNA marker (OX1 SOD, manganese superoxide dismutase; iNOS, inducible nitric oxide synthase; RCF, refra fiber; TNFa, tumor necrosis factor a.
showed that saline injection in BAL caused a neutrophil recruitment by the lower respiratory tract in 72 hr, and that an increase in neutrophils and AMs recovered from bronchoalveolar lavage fluid were seen in the first week after injecting water alone. We previously reported that inhalation for one day of cigarette smoke transiently enhanced the ability of mineral fibers to stimulate AMs to produce TNF in rats (151, and later reported that no specific changes were fo in rats with cigarette smoke int weeks (20) . (27) reported that intratracheal instillation of silica up regulated the 3-Actin gene expression of iNOS mRNA in AMs.
TNFa
These data were accordance with our data. However, mRNA expression of Mn-SOD was not increased in AMs and lung tissue from rats exposed to mineral fibers. Quinlan et al. (28) reported that the mes-1L-6 (614 bp) sage level of Mn-SOD in rat lungs inhaling ,B-Actin (357 bp) crocidolite peaked at 3-9 days and decreased toward control level thereafter. In our experiments, levels of Mn-SOD 3-Actin mRNA might return from peak to normal because recovery time was 4 weeks. viations: bFGF, Cigarette smoke is thought to increase c4/HaeIIl); Mn-the incidence of asbestos-induced disease (3, 4 (29) . IL-1 up regulates the production of MMPs (30) , and the increase in gene expression of MMPs in rats lungs exposed by two agents may be affected by IL-1. Jackson et al. (31) reported that cigarette smoke and asbestos increased DNA damage synergistically and suggested that this synergism might involve hydroxyl radical production. Free radical formation including nitric oxide radical and peroxynitrite anion through iNOS (2Z) might be related to lung injury induced by asbestos and cigarette smoke. The gene expression of proinflammatory cytokines, iNOS, and bFGF might be representative cytokines of inflammation, pulmonary damage by oxidants, and a neovascularization, respectively (4,27,32) Therefore, a change in gene expression of these factors, which play a key role in the inflammatory process, suggested that these factors might contribute to lung remodeling induced by cigarette smoke and mineral fibers. The lungs in rats exposed to chrysotile or chrysotile + cigarette smoke showed inflammatory cells around the bronchioles without a fibrotic form. These pathological findings may support that two agents have a combined effect on cytokines which are related to inflammation or lung injury. Taken together, IL-lot, iNOS, and bFGF mRNA were up regulated by exposure to mineral fibers, and were affected by exposure to mineral fibers and cigarette smoke in combination. Therefore, these factors were thought to be possible parameters for a risk assessment of mineral fibers.
Summary
We examined cytokine mRNA levels from AMs and the lungs of rats exposed to mineral fibers and/or cigarette smoke in vivo.
Message levels of IL-1l, iNOS, and bFGF were increased by exposure to mineral fibers and enhanced by combined exposure to mineral fibers and cigarette smoke. These data suggested that IL-loc, iNOS, and bFGF would be the possible parameters of the lung remodeling induced by mineral fibers.
